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A brief overview of changes in the superconducting transition temperature under
pressure and evolution of specific heat capacity jump at Tc for two related families of
iron - based superconductors, Ba1−xKxFe2As2 (0.2 ≤ x ≤ 1.0) and Ba1−xNaxFe2As2
(0.2 ≤ x ≤ 0.9) will be given. For Ba1−xKxFe2As2 the specific heat capacity jump at Tc
measured over the whole extent of the superconducting dome shows clear deviation from
the empirical, ∆Cp(Tc) ∝ T 3c , scaling (known as the BNC scaling) for x > 0.7. At the
same concentrations range apparent equivalence of effects of pressure and K- substitution
on Tc fails. These observations suggests a significant change of the superconducting state
for x > 0.7. In contrast, the data for the large portion of Ba1−xNaxFe2As2 (0.2 ≤ x ≤
0.9) series follow the BNC scaling. However, the pressure dependence of Tc (measured
up to ∼ 12 kbar) have clear non-linearities for Na concentration in 0.2 - 0.25 region,
that may be consistent with Tc crossing the phase boundaries of the emergent, narrow,
antiferromagnetic/tetragonal phase. Results will be discussed in context other studies
of these two and related families of iron-based superconductors.
Keywords: iron pnictide superconductors; pressure; heat capacity.
1. Introduction
Of many families of Fe-based superconductors and related materials 1,2,3,4,5 the
AEFe2As2 (AE= alkaline earth and Eu), so called 122 family, is apparently the most
studied 6,7,8. The 122 family allows for substitution on all three crystallographic
sites and, as a result, a complex combination of carrier-doping and anisotropic
steric effects can be studied, while maintaining, at room temperature and ambient
pressure, the same, tetragonal, ThCr2Si2 - type crystal structure. Starting from the
parent, AEFe2As2 compounds, superconductivity can be induced either by properly
designed substitution, or by application of pressure, or by combination of both
routes.
Historically, the main body of work on the 122 family was focused on the tran-
sition metal (TM) substitutions for Fe: it AE(Fe1−xTMx)2As2, due to relative ease
of growing homogeneous, relative large single crystals 6,8. Substitutions for AE,
1
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as in the Ba1−xKxFe2As2 series
9,10,11,12, or for As as in the BaFe2(As1−xPx)2
series 13,14 have been explored, but both series require significant efforts to achieve
homogeneity and/or reasonable size of the crystals.
The global phase diagrams obtained by substitution for Ba [e.g. hole-doping in
Ba1−xKxFe2As2], Fe [e.g. electron-doping in Ba(Fe1−xCox)2As2] or As [e.g.isovalent
substitution in BaFe2(As1−xPx)2] in BaFe2As2, as well as application of pressure
15, to this parent compound appear to be very similar. 16 First, the temperature of
structural and magnetic transitions decreases, then superconductivity emerges with
a region of coexistence of superconductivity and antiferromagnetism. On further
substitution (or under higher pressure) the magnetic and structural transitions are
suppressed, the superconducting transition temperature passes through the maxi-
mum and gradually goes to zero, or to a small finite value as in the case of complete
substitution of K for Ba, in KFe2As2. Closer examination of the globally similar
phase diagrams though, point to clear differences in details that allow to gain an
insight into the complex physics of these materials 2,6,7,8.
The results of two sets of measurements on a large, specific selection of samples
will be discsussed below. The first set is comprised of the initial (P . 12 kbar)
pressure dependence of the superconducting transition temperature, Tc(P ). The
second set consists of of the data on the evolution of the jump in temperature-
dependent specific heat capacity at the superconducting transition, ∆Cp(Tc).
Measurement of Tc under pressure is one of the traditional experiments per-
formed on superconductors 17,18,19,20,21. At a minimum, such data allow for eval-
uation of possible equivalence of pressure and chemical substitution that was sug-
gested for several 122 series 22,23,24,25. Moreover, under favorable circumstances
such a dataset can shed light or make conjectures on the details of the electronic
structure and mechanism of superconductivity, like Lifshitz transitions 26, pressure
induced oxygen ordering effects, change of the symmetry of the superconducting
pairing, or evolution of the superconducting gap structure 27,28,29,30,31,32,33.
The experimental data on the jump in specific heat capacity at the supercon-
ducting transition are usually analyzed in terms of ∆Cp(Tc)/γTc, where γ is a nor-
mal state Sommerfeld coefficient of the material. In the weak coupling BCS limit
∆Cp(Tc)/γTc = 1.43. This value can go as high as ≈ 3 in the strong coupling limit
34. A lot of work was done on analysis of ∆Cp(Tc)/γTc in the cases of anisotropic
superconducting order parameter, multiband superconductivity, and superconduct-
ing materials with magnetic or with Kondo impurities 35,36,37,38,39,40,41. Such
analysis becomes difficult if not impossible in the case of iron-based superconduc-
tors. Whereas ∆Cp(Tc) and Tc are easy to measure (in homogeneous samples), to
evaluate normal state γ in superconductors, usually either specific heat capacity
measurements are performed down to low temperatures in magnetic field in excess
of (upper) critical field (assuming that normal state γ does not depend on magnetic
field), or different contributions to a zero field specific heat capacity are carefully
analized at temperatures above Tc and the electronic normal state contribution is
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separated. Since superconducting transition temperatures and upper critical fields
in the iron-based superconductors are high 1,2,6,42, and ambiguous magnetic contri-
bution to specific heat capacity is often present, a reliable evaluation of the normal
state γ in these materials is difficult to achieve.
In lieu of reliable data on γ in Fe-based superconductors, an alternatime ap-
proach to analize specific heat capacity data emerged. It was observed that many
Fe-based 122 superonductors follow the empirical trend, suggested in Ref. 43 and
expanded in Refs. 44, 45, the so-called BNC scaling, ∆Cp(Tc) ∝ T
3
c . It was proposed
(even if on a limited dataset) that for elemental superconductors, and representa-
tive A-15 and heavy fermion compounds ∆Cp(Tc) ∝ T
n
c scaling with different,
n ≈ 1.7 − 2, takes place 25. Several theoretical models were used to explain the
BNC scaling in iron - pnictides. The ∆Cp(Tc) ∝ T
3
c behavior is expected for a
quantum critical metal undergoing a pairing instability 46; in the limit of strong
pair-breaking within BCS theory for d- or s±- symmetry of the superconducting
gap 47; or as a result of an interplay between superconductivity and magnetism 48.
Rather than discussing pro et contra arguments for different theories, here we will
treat the BNC scaling as an experimental observation valid for many Fe-As super-
conductor, with no association with one or another specific theoretical paradigm.
Two families that will be briefly discussed here are Ba1−xKxFe2As2 and
Ba1−xNaxFe2As2. In both cases the alkali metal substitution in place of Ba pro-
vides hole-doping to the system. It was described 49 that the average structural
changes in the FeAs layers of Ba1−xAxFe2As2 (A = alkali metal) are independent
of the average radius of the alkal metal cation A and the mismatch in radii between
the alkaline earth and alkali metal cations, and result from decreasing the electron
count. A quantitative similarity between the evolution of the competing antiferro-
magnetic order and superconductivity in the Ba1−xKxFe2As2 and Ba1−xNaxFe2As2
series was reported. Indeed, the x - T phase diagrams for these families (based on
10,12,50,51) schematically presented in Fig. 1, bear great resemblance.
The Ba1−xKxFe2As2 series is rather well studied. In these series superconduc-
tivity is observed over a wide range of K - concentrations, 0.15 . x ≤ 1.0 10,11,12
(as compared to 0.03 . x . 0.15 for the electron-doped Ba(Fe1−xCox)2As2
52). For
underdoped Ba1−xKxFe2As2 superconductivity and magnetism microscopically co-
exist 53 [similarly to what was observed in the electron-doped Ba(Fe1−xTMx)2As2
6,54]. Near optimal doping, x ∼ 0.4, several experiments and theoretical calcu-
lations give evidence for a nodeless, near constant, s± superconducting gap that
changes sign between hole and electron pockets. 55,56,57,58,59 Recent ARPES mea-
surements 60 suggest that nearly isotropic s± superconducting gap exists in a wide
doping range, 0.25 ≤ x ≤ 0.7. It was proposed 61 that for significantly higher K-
doping, 0.076 ≤ x ≤ 0.93 the superconducting gap is still of s± symmetry but with
a significant anisotropy.
KFe2As2 stands out among the members of the Ba1−xKxFe2As2 series. The
reported Fermi surface of KFe2As2 differs from that of the optimally doped
Ba1−xKxFe2As2 having three hole pockets, two centered at the Γ point in the
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Fig. 1. Schematic x - T phase diagrams for the Ba1−xKxFe2As2 and Ba1−xNaxFe2As2 series
(after Refs. 10, 12, 50, 51). Labels: AFM/ORTHO - antiferromagnetic / orthorhombic phase,
AFM1/TET - antiferromagnetic / tetragonal phase , SC - superconducting region.
Brillouin zone, and one around the M point 62 with no electron pockets. Quan-
tum criticality and nodal or d-wave superconductivity in KFe2As2 was suggested
in a number of publications. 63,64,65,66,67,68,69,70 Possible evolution from s± to
d-wave in the Ba1−xKxFe2As2 series has also been discussed
71,72.
Na - substitution for the AE in 122 family appears to be less explored. Reports
of superconductivity induced by Na-substitution in CaFe2As2 appeared fairly early
73,74, with a tentative x − T phase diagram for the Ca1−xNaxFe2As2 series pub-
lished a few years later 75. A Sr1−xNaxFe2As2 sample with Tc ≈ 35 K was studied
in Ref. 76, and later the physical properties in the Sr1−xNaxFe2As2 series for a
x ≤ 0.4 were presented. 77
The Ba1−xNaxFe2As2 series, where Na is substituted for Ba, offers an almost
complete range of substitution 49,50. One of the complications for this series is
that its end member, NaFe2As2 (Tc ∼ 11− 12 K), was reported to be metastable.
NaFe2As2 cannot be formed by a solid-state reaction technique, but can only be
obtained by the mild oxidation of NaFeAs. 78,79,80 Additionally, deviations from
stoichiometry (Na1−yFe2−xAs2, with y ≈ 0.1 and x ≈ 0.3) for the obtained material
were suggested.80 These findings are in striking contrast to stable, stoichiometric
KFe2As2, the end member of the Ba1−xKxFe2As2 series.
An important difference between the Ba1−xKxFe2As2 and Ba1−xNaxFe2As2 se-
ries is that in addition to the low temperature antiferromagnetic / orthorhombic
phase, that is ubiquitous in Fe-based superconductors, an antiferromagnetic tetrag-
onal, C4, phase was reported in the Ba1−xNaxFe2As2 series over a narrow Na -
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concentration region around x ∼ 0.25. 50,51 The tip of the narrow C4 dome was
suggested to be at ∼ 50 K; at lower temperatures this new magnetic phase was
suggested to co-exist with superconductivity. The bulk physical properties of the
members of the series close to and in the C4 phase as well as the effect of this
magnetic phase on superconductivity are largely unexplored and are interesting to
study in detail.
2. Specific heat capacity and BNC scaling
Superconducting samples in both series, Ba1−xKxFe2As2 (0.2 ≤ x ≤ 1) and
Ba1−xNaxFe2As2 (0.15 ≤ x ≤ 0.9) show a distinct feature in specific heat at Tc
81,82 making determination of Tc and ∆Cp(Tc) (by an isoentropic procedure consis-
tent with that used in Ref. 43) rather simple. The specific heat capacity jump data
for the Ba1−xNaxFe2As2 series are shown in Fig. 2 together with the data for a num-
ber of Fe - based superconductors from the evolving literature, including data for
two closely spaced Na concentrations, x = 0.35, 0.4, obtained in Refs. 83, 84. There
appears to be a clear trend: all data points for Ba1−xNaxFe2As2 follow the BNC
scaling. This behavior is similar to previously the studied Ba(Fe1−xTMx)2As2 (TM
= transition metal) series, for which the BNC scaling was observed for the samples
covering the full extent of the superconducting dome. For the Ba1−xNaxFe2As2
series, ∆Cp at Tc increases and decreases as Tc rises and falls to form the super-
conducting dome.
The specific heat capacity jump data for the Ba1−xKxFe2As2 series obtained in
this work were added in Fig. 3 to the updated BNC plot from Fig. 2. There ap-
pears to be a clear trend in these data: for 0.2 ≤ x ≤ 0.7 the data follow the BNC
scaling, in agreement with the scattered literature data for the samples with K -
concentrations in this range. The data for 0.8 ≤ x ≤ 1.0 clearly deviate from this
scaling (as seen both on a log - log plot and on a linear plot, Fig. 3), with the data
for the end-compound, KFe2As2, consistent with the other literature values.
85,86
This is clearly different from the Ba(Fe1−xTMx)2As2 series, and, even more impor-
tantly, from the Ba1−xNaxFe2As2 series (closely related to K-doped BaFe2As2) for
which the BNC scaling was observed for the samples covering the full extent of the
superconducting dome.
Recent data for several K1−xNaxFe2As2 samples near the K - end of the series
(x ≤ 0.31) 87, as anticipated show deviation from the BNC scaling (Fig. 3). Within
this particular group the ∆Cp(Tc) ∝ T
n
c scaling with n ≈ 2 was reported. The
exponent n ≈ 2 was explained within a model of two-band d-wave superconductor
with weak pair breaking due to nonmagnetic impurities87 .
3. Pressure dependence of the superconducting transition
temperature
The pressure dependencies of the superconducting transition temperatures for the
Ba1−xKxFe2As2 series are shown in Fig. 4a
81. For the underdoped sample, with
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Fig. 2. ∆Cp at the superconducting transition vs Tc for the Ba1−xNaxFe2As2 series, plotted
together with literature data for various FeAs-based superconducting materials (after Ref. 82).
Numbers near the symbols are Na - concentrations x. The dashed line corresponds to ∆Cp(Tc) ∝
T 3c .
x = 0.2, Tc increases under pressure, for samples close to the optimally doped, x =
0.3, 0.4, the Tc(P ) dependencies are basically flat, and for the overdoped samples,
x ≥ 0.6, Tc decreases under pressure. For all samples, except the underdoped x = 0.2
the Tc(P ) behavior is linear, as such the pressure dependencies of Tc can be well
represented by dTc/dP values.
The pressure dependencies of the superconducting transition temperatures of
the Ba1−xNaxFe2As2 samples with Na - concentration in the range of 0.15 ≤ x ≤ 0.9
are more interesting. They data are shown in Fig. 4b 82. It is noteworthy that (i)
Tc(P ) are non-monotonic (even in a limited pressure range of this work) for two Na
concentrations, x = 0.2 and x = 0.24; (ii) for all other concentrations studied in this
work, both in underdoped and overdoped regimes, Tc decreases under pressure. For
x = 0.2 and x = 0.24 samples the observed non-monotonic behavior is robust and
not affected by pressure cycling. One can join these two data sets by shifting the
data for Ba0.76Na0.24Fe2As2 by +8 kbar along theX - axis and by −4 K along the Y
- axis (Fig. 5). The grounds for such two-axis shift can be understood if both, steric
effect and hole doping, are assumed to cause changes in superconducting transition
temperature.
A more compact way to look at the pressure- and doping- dependence of Tc
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Fig. 3. (a) ∆Cp at the superconducting transition vs Tc for the Ba1−xKxFe2As2 series, plotted
together with literature data for various FeAs-based superconducting materials (after Refs. 81, 82).
Numbers near the symbols are K - concentrations x. The dashed line corresponds to ∆Cp(Tc) ∝
T 3c . The short dashed line through K1−xNaxFe2As2 points corresponds to ∆Cp(Tc) ∝ T
2
c . Regions
of BNC scaling and deviation of this scaling are highlighted. (b) Low temperature part of the (a)
panel plotted on a linear scale. Region of deviation of the BNC scaling is highlighted.
in the Ba1−xKxFe2As2 and Ba1−xNaxFe2As2 series is presented in Fig. 6, where
the relative changes in superconducting transition temperature under pressure,
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Fig. 4. Summary plot of the pressure dependence of Tc for the (a) Ba1−xKxFe2As2 and (b)
Ba1−xNaxFe2As2 samples (after Refs. 81, 82). Dashed lines are guides to the eye. Data for the
Ba1−xNaxFe2As2 samples with x = 0.20, 0.24 are highlighted.
d(ln Tc)/dP , and with K/Na - doping, d(lnTc)/dx are plotted for comparison.
Since the overall shapes of the superconducting domes, Tc(x), in both series are
very similar, it is not surprizing that d(ln Tc)/dx plotted as a function of K or Na
concentration (Figs. 6a and b, respectively) are comparable as well.
For the Ba1−xKxFe2As2 series (Fig. 6a) the K-concentration dependent pressure
derivatives, d(ln Tc)/dP show a clear trend and three different K-concentrations re-
gions. The pressure derivatives are positive and rather high for the significantly
underdoped samples (x ∼ 0.2, Tc < 20 K). They become small and negative
for 0.3 ≤ x ≤ 0.7, this concentration range covers slightly underdoped, opti-
mally doped, and part of the overdoped samples. On further increase of the K-
concentration the pressure derivatives continue to be negative with the absolute
values, |d(ln Tc)/dP |, increasing as x increases. Fig. 6a also allows to compare the
relative changes in superconducting transition temperature under pressure and with
K - doping. For 0.2 ≤ x ≤ 0.7 both sets of data can be scaled reasonably well, illus-
trating apparent equivalence of the effect of pressure and doping on Tc, suggested
for other members of the 122 family. 22,23,24,25 This scaling (in quantative terms)
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Fig. 5. Pressure dependence of the superconducting transition temperature for Ba0.8Na0.2Fe2As2
and Ba0.76Na0.24Fe2As2. The data set for x = 0.24 is shifted by +8 kbar along the X - axis and
by −4 K along the Y - axis (after Ref. 82).
however fails for 0.7 < x ≤ 1.0. Overall, in the underdoped region both increase in
x and pressure causes increase in Tc, in the optimally doped and overdoped regions
both, increase in x and pressure cause decrease in Tc (Fig. 6a, inset).
In the Ba1−xNaxFe2As2 series, the initial, low pressure, value of d(ln Tc)/dP for
x = 0.2 is positive and relatively high. For other Na - concentrations studied the
pressure derivatives of Tc are negative. Whereas for optimally doped and overdoped
the absolute values of d(ln Tc)/dP are rather small and change smoothly with con-
centration (Fig. 6b), there appears to be a break of the trend in the underdoped
region.
A comparison of the relative changes in superconducting transition temperature
in the Ba1−xNaxFe2As2 series under pressure and with Na - doping is visualized in
Fig. 6b. For 0.4 ≤ x ≤ 0.9 both sets of data can be scaled reasonably well, illustrat-
ing apparent equivalence of the effect of pressure and doping on Tc, suggested for
other members of the 122 family and also observed in the limited range of K - con-
centrations for a closely related Ba1−xKxFe2As2. This scaling however fails for Na
concentrations 0.15 < x ≤ 0.35. Not just the values of d(ln Tc)/dP and d(lnTc)/dx
cannot be scaled in this region of concentrations, but (except for x = 0.2) the signs
of these derivatives are different. In the underdoped region increase in x causes an
increase in Tc, and pressure causes decrease in Tc, however in the optimally doped
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Fig. 6. K- [panel (a)] and Na- [panel (b)] concentration dependence of the normalized concentration
derivatives, d(lnTc)/dx =
1
T
c0
dTc/dx (left axis, circles), and the normalized pressure derivatives,
d(lnTc)/dP =
1
T
c0
dTc/dP (right axis, triangles) of the superconducting transition temperatures
for the Ba1−xKxFe2As2 and Ba1−xNaxFe2As2 series respectively (after Refs. 81, 82). For un-
derdoped Ba1−xKxFe2As2 the initial pressure derivatives extracted from Ref. 88 are included
(half-filled trangles). For Ba0.8Na0.2Fe2As2 and Ba0.76Na0.24Fe2As2 the initial, low pressure, nor-
malized pressure derivatives’ values are used (half-filled hexagons). Insets: schematic exhibiting
similar effects of substitution and pressure for the Ba1−xKxFe2As2 series [panel (a)]; and different
signs of the change in Tc with substitution and with pressure for the underdoped samples, and
similar effects of substitution and pressure for the overdoped samples for the Ba1−xNaxFe2As2
series [panel (b)].
and overdoped regions both, increase in x and pressure cause decrease in Tc (Fig.
6b, inset).
It is noticeable that the absolute values of the normalized pressure derivatives,
both d(lnTc)/dx and d(lnTc)/dP , for similar values of x, appear to be almost factor
of 2 higher for Ba1−xKxFe2As2 than for Ba1−xNaxFe2As2 .
4. Discussion
Both K and Na substitutions in BaFe2As2 provide hole doping and induce super-
conductivity with comparable maximum values of Tc of 34− 38 K at similar K or
Na concentrations of x ≈ 0.4.
Whereas in the Ba1−xKxFe2As2 series a clear deviation from the BNC scaling is
observed for 0.8 ≤ x ≤ 1, in the Ba1−xNaxFe2As2 series the data for 0.15 ≤ x ≤ 0.9
follow the BNC scaling, ∆Cp(Tc) ∝ T
3
c , fairly well. This probably means that
either there is no significant modification of the superconducting state (e.g. change
in superconducting gap symmetry) in the Ba1−xNaxFe2As2 series over the whole
studied Na concentration range, or, if such modification exists, it is very subtle in
its implications for the BNC scaling. The fact that the Ba1−xNaxFe2As2 series does
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not extend, in single phase form, to x = 1.0 prevents us from carrying this study
to pure NaFe2As2, as we were able to do for KFe2As2.
For the Ba1−xKxFe2As2 series in the 0.7 < x ≤ 1 concentrations interval (the
same, where the clear deviations from the BNC scaling of the specific heat capacity
jump is observed) the scaling of d(ln Tc)/dP vs. x and d(lnTc)/dx vs. x appears to
fail. Although the difference is quantitative rather than qualitative, it might serve
as an additional indication of the significant changes in the superconducting state
for x > 0.7.
In the recent studies of pure KFe2As2 and CsFe2As2 under pressure
31,32,33,89
a change in the pressure dependence of Tc (combined with an asserted absence of the
Lifshitz transition 31,32,89) was interpreted as a signature of a significant change
in the superconducting state: either from d-wave to s±
31,32, or a crossover from a
nodal to a full gap s-wave superconductivity 89, or, alternatively, as an indication
of appearance of kz modulation in the superconducting gap
33, or just of non-
monotonic variation of the density of states at the Fermi level without Lifshitz
transition and without change of the pairing symmetry 90.
Returning back to the Ba1−xKxFe2As2 series: it appears to be a consensus that
in optimally doped samples (x ≈ 0.4) the symmetry of the superconducting state is
s±. Then on further K-substitution, application of pressure, or by combination of
both perturbations, the system will move towards the direction of pure KFe2As2,
so a crossover from s± to nodal, or d-wave superconductivity is expected to occur
at some critical K - concentration or pressure. No sharp feature (similar to the one
observed in Refs. 31, 32, 33, 89) was observed for Ba1−xKxFe2As2 in the Tc(P ) or
Tc(x) data discussed above. The reason might be related to a rather small pressure
range combined with rather large steps in K - concentration in the study discussed
above 81, so that the exact critical value of the pressure/concentration was missed.
Additionally, scattering associated with doping could broaden a feature for the in-
termediate concentrations of K in Ba1−xKxFe2As2, as compared with hydrostatic
pressure study in pure, parent compound. It might be an apparent failure of the
d(ln Tc)/dP vs. x and d(lnTc)/dx vs. x scaling, that points to 0.7 < x < 0.8 range
of concentrations where a change in the nature of the superconducting state oc-
curs. Moreover, whereas in KFe2As2 (and CsFe2As2) it was argued that there is
no significant change of the Fermi surface at the critical pressure, multiple studies,
including recent detailed band structure calculations 91 and thermoelectric power
measurements 92 point to a Lifshitz transition for x > 0.7 in Ba1−xKxFe2As2 that
might complicate the comparison even further. Moreover, just a Lifshitz transi-
tion, without any modification of the superconducting state, could, in principle, be
responsible for the discussed anomaly in the evolution of the pressure derivatives
with concentration, along the same lines as evolution of dTc/dP was understood in
several cuprates 28,29.
In the the Ba1−xNaxFe2As2 series, the negative sign of the initial pressure
derivatives of Tc for the underdoped samples (except for x = 0.2) is a clear in-
dication of the non-equivalence of substitution and pressure in this concentration
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range, that is different from the gross overall equivalence suggested for other 122
series. 22,23,24,25,81 It has to be noted that for the Ba(Fe1−xTMx)2As2 (at least
for TM concentrations that cover the superconducting dome) 93,94,95 and for
Ba1−xKxFe2As2 series
10,12 the concentration dependence of the lattice param-
eters is monotonic and close to linear. For the Ba1−xNaxFe2As2 series, the a lattice
parameter decreases with increase of x in almost linear fashion, but the c lattice
parameter initially increases and then decreases, with a maximum at x ∼ 0.4 in its
dependence of Na - concentration. 50. Although we do not know which particular
structural parameter in the Ba1−xNaxFe2As2 series has the dominant contribution
to the pressure dependence of Tc, this non-monotonic behavior of c(x) might be
responsible for the negative sign of the dTc/dP for underdoped samples. Detailed
structural studies under pressure would be useful for deeper understanding of this
problem.
On one hand, the unusual, non-monotonic behavior of the superconducting tran-
sition temperature under pressure for the Ba1−xNaxFe2As2 samples with x = 0.2
and x = 0.24 (Fig. 4b) could be considered to be consistent with what one would
expect for a Lifshitz transition 27. At this moment the data on the Fermi surface
of Ba1−xNaxFe2As2
84 are regarded as very similar to those for Ba1−xKxFe2As2
96,97, and no change of the Fermi surface topology, from the ARPES measurements,
has been reported between the parent, BaFe2As2, compound and Ba1−xNaxFe2As2
with x values up to 0.4, so the Lifshitz transition hypothesis seems unlikely.
On the other hand, an important feature, unique to the x−T ambient pressure
phase diagram of the Ba1−xNaxFe2As2 series, is the existence of a distinct, narrow
antiferromagnetic and tetragonal, C4, phase 50,51. Both of the samples with non-
monotonic pressure dependences of Tc are located, at ambient pressure, close to the
phase boundaries of this C4 phase. It is thus possible that the observed anomalies
in Tc(P ) behavior for the samples with x = 0.2 and x = 0.24 are associated with
the crossing of these phase boundaries under pressure, as shown on the sketch (Fig.
7) . If this supposition is correct, the effect of the C4 phase on superconductivity
requires is different from that of the antiferromagnetic orthorhombic phase that is
omnipresent in Fe-As materials, since crossing of the antiferromagnetic orthorhom-
bic phase line under pressure either has no effect on Tc or this effect has previously
been missed.
Anomalies in the Tc behavior on crossing the TN line have been observed in
several materials, e.g. with Ir - substitution in Ho(Rh1−xIrx)4B4
98, or with Dy
substitution in Ho1−xDyxNi2B2C
99. In CeRhIn5 under pressure the anomaly in Tc
was not so clear, but the jump in specific heat capacity at Tc and the initial slope of
Hc2, dHc2/dT , had clear features at the pressure corresponding to the crossing of
the Tc and TN phase lines
100. The exact mechanism and the size of the anomalies
might be different, however, at least in the case of Fe - based superconductors, such
anomalies ane not unexpected, since antiferromagnetism and superconductivity are
competing for the same condiction electrons. Further experimental and theoretical
exploration of the details of the superconducting state near, and in co-existence
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Fig. 7. Part of the schematic x - T phase diagram for the Ba1−xNaxFe2As2 series. The anti-
ferromagnetic/tetragonal, C4 phase 50,51 is labeled as AFM1/TET. Horizontal arrows roughly
suggest how the phase lines are crossed under pressure for the samples with x = 0.20 and x = 0.24.
Respective Tc(P ) plots are reproduced for reference.
with, an antiferromagnetic order in different systems, including a possibility of effect
of magnetism on a symmetry of the superconducting state, would be desirable.
5. Summary
The measurements of initial pressure dependencies of Tc and the evolution of the
jump in specific heat capacity at Tc (as compared to the BNC scaling) proved to be
a useful tool in studies of the iron - based superconductors. In the Ba1−xKxFe2As2
series, the results allowed to suggest that significant changes in the nature of the
superconducting state concurrent with (or caused by) change of the Fermi surface
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topology, occur for x > 0.7 in the Ba1−xKxFe2, whereas no significant anomalies
were observed in the Ba1−xNaxFe2As2 series in a similar concentration range.
In the Ba1−xNaxFe2As2 series, it appears that non-monotonic behavior of the c
crystallographic lattice parameter and existence of the the narrow antiferromagnetic
tetragonal C4 phase both affect the pressure dependencies of the superconducting
transition temperature. Synthesis of homogeneous single crystals with finely con-
trolled Na concentration around 20-30% and further comprehensive measurements
of superconducting and magnetic properties (and their interplay), including studies
of the symmetry of the superconducting state, in this range of concentrations would
be desirable to understand the distinct properties of the Ba1−xNaxFe2As2 series.
A related, Ba1−xRbxFe2As2 family, was reported
101 to have the x - T phase di-
agram similar that of Ba1−xKxFe2As2. The RbFe2As2 end-member is known to be
a superconductor, Rb-concentration dependence of the lattice parameters are close
to linear, at this moment no C4 or any other unusual phase is discovered. This
allows us to speculate that the details of the evolution of the Fermi surface and
the superconducting state should be very similar to those for the Ba1−xRbxFe2As2
series. Since the samples covering the whole concentration range exist at this mo-
ment only in a polycrystalline form, measurements of Tc under pressure and of
the evolution of the jump in specific heat capacity could be a good start, and will
probably be done at some point.
Last, but not the least, this this short overview was focused on just two, reason-
ably simple, types of measurements probing a superconducting state. One should
keep in mind, that ”La plus belle fille du monde ne peut donner que ce qu’elle a”
and only combination of multiple experimental techniques and theory has a chance
to understand physics of modern complex materials.
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